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This investituation was conducted in tue 
~s — eS = = ; ere - ° e — 
hMAiiratotics of the « soNrmuticul sngineerin, Depart- 
ment of the University ef Michizadn by F.N. Kaneva 


oD .2B. Bice. It is sutmittei as a thesis for 





erecit towards the degree of Master of Science. 











The préslien ta Be 'gWetiewt Og 19, tee cous ol 


ex £0c Dir p2ésctre if tte SGtLi ing’ chOShd: of 2 bioR- 


e 


. © ome «4 3 car ty} twee : ae | & 2 4 + be LA 4 
Seer Wind tunnel. Poe tartiechiar wie tunel to 
* a 4 e 7; ; A 7t . ’ TY a” : rf rt ey E Th 4 4 De 
Bemsi@d 1S Bi veeds TWistoal ae iu tae Las® Entinee@rin-~ 


ae Sd t.. ¢- nal 7 4 = ae? + ied 
peewee «Of tite Uniwersitge ct Mami. ate Bo Aes, 


Meeiicaun. a photogra@oas of the Lnstelletlion is @tave 
Seericure 1, and Som of tu@ plysicel measuredid&ts 
me if Table I. 

The vrincipvd? compc.evits of AR wing tunel 
mea tie Slovard'tancnc, tee dricoes, tie q@ick-cpocuih 
Merve, tie control voi¥e, the SBtUtling dhe@mmer, the 
Meecle aid ciflfuser, @cd tes cunFrol system. Air 


pressure at about 9S pounce per Supare inch wage is 


~ e e 


Meeenisnhec by the buiithins air suppl’ svsteg. 
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Te 3oPi SOL Control, S) Sac Gee Gli comes ye 
: 
Meme «6th Would wcasure tIeP instuntainecous ai: Pe™M- 


eee in toe Bettline cumbdr, cowgare it with the de- 


c 


meee mressure, alc tren actuate the control valve 3a 
Me te nressurc would ta el enged to exectly tn 
Meeoee@d or@ssure in an urliitrarily shart ourioc of 
Cee. ‘ben the wind tunnel is eflmloyed for suncrSonic 


meee Lory Lesuy, the Lenegeh of stl onewewn runs vary 
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ie p@nds orimarily upon tae Teluc of the desired nrer- 
Cure in the Settlimg: crhamWer, orovicing the initial 


sup iv tank pressure is coristunt. To make maxima 
use of this snort tile, it is desired that the ores- 
supe be stabilized within one second. From exper- 
memce, it was decided thet ccntroi of the settling 
tank pressure to within plus or Minus one pound per 
Square inch would be as close as would conceivably 
Me rediuiread in the laboreétory. Therefore, the. 
earpitrar y ica get fer tae contro] syste’ is to re- 
Guce the pressure error (instantaneous settling 
Smemicer oressure minus desired Spressure) to within 
Plus cr minus one nound ser siuire inch within one 
second. 


The present control system installation is 


i— 


Or a tyo.e in seneral use in the eNemical industry for 


teJperature control and was moaified for this oressure 
Control anolicstion. This instuilation is not satis- 
factcry for this wind tunnel . or several reasons. The 


Mriwiary reason is that the pneumatic portion of the 


je 


Sercunt is such that the cobtrol ir pressures are 


moe Snell to move the uiannraga ectuuteac control- vulve 


with sufficient velocity tu sive elose control of the 
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Scttlimg chamber pressure. With the ccitrcl sre yal 
on "Sutaegetic", it reyuired 20.7 seconds for tite 
mumeve tO oOnen fully, and 13.5 seconds for it to 
Prose. Increasing the contrdl sir nressureés would 
involve very extensive reworking of tlie oneuMatic 
system and does not a-pear to offer au substuntial 
improvement due to the pressure limitations of the 
valve diaphragm. 

In view of. the above, another metnod of 
pressure control hus been investifated and made the 
Mmemect.o: his report. The employment of an electric 
Motor to drive the vdive gten tr r ou gl: 2 gear train alld 
rack was decided upon us a likely possibility Tor pro- 
viding valve movement, this Macrinery to be the load 
tor some sort of servomechanisnu. «. gskéten of this vro- 
posed arrancement is Shown in Figure oe 

The uethoa of investisation wes to determine 
the forces that act on the valve ena of the valve sten, 
gana tien to determine the control forces necessury to 
overcome these valve forces and to move the valve to 
@ position corresponding to tie deSired pressure in 
Q@ stable Manner within the aesired time liiit. 

The major tool employed in this study wes 


the Gleetronic differential enalyvser, (eltctronic 








@iilog coaputexr) sactew will be referred to heraet ter 
See UQis Te- ort SS Une "Cue iter”. Ilfemebion cau- 
Cernimy this catoutel car be rouinw’ tn references 


mein (2), (Cj), (a), ae (e) 
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tive was aeveloved which 


PMieuics the forces tuat uct on the valWe. By Waking 


Mase or the various functions of the operational awpli- 


Meas, Which constitute the codputes, fcr sign cha 


=) 


fing, 
Matinlication by = constant fuetor, inte: ration 8nd 
SGmmation, the differential € ,ustion was dudlicated on 
the cotinuter. Tue voltages at varions »oints wituii 
Ope Coanvtier reiresent the values of corresponding 
munetions Witrin the equation, ana trese voltages are 
meer tarowet s Brush Cireet curré:.t a®@plefier to a 
SiiSe Magnetic recording oscillocranl., o1 recorder, 
SG tlet tae variation witn tise of twe various funct- 
Pons ih the ec uction wus Wecorued on tance, 

PThis investization is ldmitec to one shecific 
Wind tunnel, Tie metiods used, however, should be 
Meee icuble tc. other such sjstecns. 

This study wus swede durin, the 1949-1950 
SChool year in the laboratories of the Aeronautical 
Oeeineering Derartimwant ot the University of Michifen. 


Me atithors wish to acknoWledie aia exuress appreciation 








gor SMe inveluabie cuicerce aw! suceestions ¢-iven by 
Dr. iwie Rauch of the Aeronautical Ligineering Derart- 


ment, 
PRCCEDURG 


WIND TUMT.UL Data 

The variation of settling chamber pressure 
With viive oosition us suow in Flate I was found by 
presettin, tie control valve by manual means to various 
s9sitions and then reuding the maximun settling cnamber 
pressure reached wien the suick-openin, Valve was opened. 
Omese values were read from a servo-type electrical in- 
dicstor which was actuated by a differential transformer 
atteched to a bourdon tube located on the settling chan- 
ber. The initial tank pressure was constant for sach 
ee Oi runs. 

The coulomb or dry friction and the weight of 
the movin, parts of the valve were determined 4S indicat- 
Mein Yirure 3. The forces measured with the valve barely 
MmoVin;, un were welght plus friction, ana with downward 
Motion they were weight minus friction. From this the 
weight was determined to be 10.30 pounas and the coue- 


louib friction to be 1.23 pounds. 
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Lift forces on tne valve due te air pussine 
throujh the valve were neasured by using apparatus set 
up GS in Figure 4. a plot of lift forces versus valve 
Meribion is on Plate II. 

No attempt was mede to meusure the effect of 
viscous friction of the valve. The force necessary 
to sturt the valve moving very Slowly was about one 
pound sreater than the coulomb friction force. This 


force difference is soOmetines called "sticktion", 


COMPENSATING FOR THE LIFT FORCE 





Referring to Plate II, it will be noted that 
the lift force due to the action of the air passin: 
tee ouen the conti'ol valve has been approximated Gs a 
linearized function of valve position, The weicht 
of the valve and stem will cancel out 10.36 pounds 
Meecnis force. However, this still ieuves a large 
merce to be supplied b¥ the control system when the 
valve is being operatea neur tne fully opened position, 
by 4@dding 4 six pound weight to the valve stem, the 
Mitt force is balanced by weifht when the valve is 
Meer incl, or two-thirds of the way, open. This six 
pound weight is shown in Figure «¢< us un addition to 
Ome weight of the valve stem. It will be noted that 
when the control valve is fully osened the uncompen- 


sated lift force will be six pounds. 
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aot or for which tlhe enareterictie e rves are shomm on 
ee fil, 6 6LE peared Sh thet the “tor @ould .ccelmr.. ah 
PemeoO0 rpm in 1/2 §eeond, it wes found chat an sVerace 
Memece Of 20.5 pounde would be exerted on the velve sten, 
Meeevane from 22.6 pounds it sero rpn to 15.3 poumds at 
Pee roa. ft wot esti ted tact the forces involved 
mould ke below tlese fipsres. The gear ratio necesad-y 
Memoctein the average foree is 69.7 to 1; See is, ae 
Stor thot drives the mel: Should turn one revoiution 
Meeele® the .otor eurae Ge .'7 BaPolit 7 ere. 
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Ine Torces on the wive stem were suomed ar 


~2p _ 2 ~ AS 2" = Sy oe es 4 e 
uilTerential eration as follows: 


. : t 
ae Cort Xt Mp fal ipe + Ka) pe dt + Hy Py = 0 bh 


Where; 


og i8 valve wosition in feet weasured 
rro.i closed to open, Full valve travdl] 
is 1.5 Dives sites tiie Veuve. For tie 


coorcinate system, see Fipure 5, 


a is the Hass in sluss of the aoveuble 
Valve narts plus the six pound Wea at 
anrevicusly mentioned. 

52) 18 tne instantaneous pressure in pounds 
per syuure inch jin the settlin. chanber, 

i” is the desirec preasure in vounds ber 
a uare inch in the settling chamber, 

Ds is the Pres.urg error in pounds ea 

- Sjgare ine! in tue settling chamber, 

GF ( p- F }, 

Cy is tue coulorb frieétion force in pounds. 

os is a unity term waose sign furnishes the 

direction of tre coulomb friction fosce,. 

C. ie a coefficient of viscous friction, 


with units of poun@ seconds/feet. 








Ri» and K. are constent@ ywlich wren jaultinlibed - 
7 x ve 
eee r ae ee . ail 
bY Der D, and {pct respectively 
0 
revresent tie fale, in pounds to 
be supnlied to the control valve 
sten by the @@ipmtrol mechgn2s.1-; 
Pa iS Sediscurbisage force in pounds on 
the vulve itself. 
In orfer to reduce eetighidm (1) to 2 Punetion we: 
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one vari.ble, tre relation obt ined from Plate IT is used: 


p= 1. + 1X 
where ny 1s the ordinate @U x = O and Ny 1s tne slope of 
e 


- 


meres tiine., § heferrinz to Plate IT, if 16 seen that ercuatidn 


Meas valid only: for the portieom uf thé@ eirve below a 
valve opening of wbout 9.275 increas. The normal orerat- 
img region for tre control valve is in the strairht line 
portion of the curve, therefore the linear relationshino 


between Settling claiber oressure and valve openi:s wos 


used, thus from the above: 
Pe= p-P (3) 


P= p=n,x, X= Pe /N, s 


a . y Cae oe) 
Pe =P = MX, X= Pe /N, 
Substitution Bf (4) Maa (5) vee (1) ami vie 


Gxiter@avial enultion With p/n, BE te variable. 
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m(E + C, 8 ¥ Gye) i Hn, (Be) iy 


{,n,fEs}+ Kan. { (Pe\et Ta KP, ai (6) 


BY Gefining Kn, as k_, Kn &s k. and Kn us k 
soe Nee 2 oy: 


€yuation (6) becouwes more simple in forn: 
CB = CAB) Ati 
m(£e erry . CA 2 = | ae 
e Pe = 
Ale) + &,[(beldt + KR, = 0 
Meeeveriaus terms of tac ailferent ial Ga 


Weeoeica)l effects as rullows: 


j-0n Te prbbant 
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wh gy 


P~ 


LO 


= tt is the effect of tne $088 Sf the Acti my 
vs nerts Gi the wontrol vulve plus tie six 
pound vompenset lap wei Sht. 
C. P. is the cculowmt friction force, of may 
3. t ide vy ima Wapg@ue in sign uccordirg 
Ae sim of Doe 
) viscous friction force’ ciuusdé2 


> ° is tie 
2 | 


the motion of t16@ control valve. 
0 is the 
Vi S®Mus 


¥ 4 <i Be wel ker 
darning farce to We suppl 


wie Valve Steut by the controller. 


i [0 13 the ajypect pao oortional forca, ta 
1. e 

bg) ae. ' 5 + ¥ - t+ >. 

a SUD CL LA iy MP comprolier: 

t oS * a e fr ‘ 4 
ef (Fes 18 tae Wee rel contre] farce tu be 
<i | pac 

oe Ssuoblicé b> the controller. 


Seprivutive term or thle errorerci 
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ira is a disturbingg force Applied to the walve 
stem itself, Bnd may revresent the unitle~nced 
lift force on the Valve which ane thevioucly 


discesead in t3a> section, 


Rem mtr ot 
Lee: ‘2 
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mauation (7) is thé Reveal e~wation whici. revre= 
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sents tre systei of forces which ire swioed at the valve 


stem. iwo solutions to the equation were obtained, Cane 
tT, in whicn the RP term and the tank pressure during the 
maaewere kept constant, and Cuse Ii, in which the RyPg 
Cera varied with the valve powition as shown in Plete II, 
ema the tank pressure decreased with ti.:e during the run. 
While Case I does not accurately describe the forces act- 
Muon tl.e control vaive, it is cimple, and its solution 
peeeeeuneé alithors exoerience in onerating the rel tively 
co“plicated computer. 


Whe -actucl comButexs circuit for Wg@ee 2 23 Stiown 


cm 


on Plate IV. itewill be noted ttmt the invariant myPg 
term is siiulated by a constant voltage fed to the sun- 
ming point through a one “ie,7ohn resistor. The initia 
See tions for the equatiun were set into the apparatus 
@@ t0llows: prior to zero time, 3yitches A, Band C 
Were closed, so that the condensers across anplificers 


3 and ¢ were shorted, and cculd Leve no initial charge. 
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tis @vident thet this com@4fLion Must primed) since 
Dot: Vabbcity and iltée@ru® conutrel must 6@ zero at 
zero time. fhe conaensés adross ain-lifier & was 
$01Ci Gils Chuzeed up to thea weltume of Matter! D, 


Meech hus the effect of apnolyin, @n initial value 


Ox p. at time equal to zero. Runs were started by 
No 
~ a a 
closing the three switeh¢s simultaneously. 


it Was assumed titat ina the operation of the 
Wee tunnel the centrol sysieuw will be in operation 
Wefore the quicx-openin. valve is opened. Tuus when 


gesired pressure inwvut if iImtroducea into the con- 


es) 


troller with the quick-opening vulve closed, the cone 


feeeerer Will oven the valve t@ full open position in 


on. 


Meeci dort to increése the settline® chauber pbTvsSure, 
@iich of course will vemain ut 2€co pound Sie r sauearc 
inch wase. It will be necessary to kvel the integrel 
oentrlol from OperuGim, Drior to the Obeninpssof the 
qwic k-ome nin 2 valve. Failure to do this would build 
fee Lana intYeeyrs] co.trol Cores. wie the quicr 
D@mnine valve is opendd, the acttliug@ char.ber preke 


Poe reacts its B@.iftua7 value 1@ W snort tithe. Lae 


Ors Hrsvlew, it is assunte That teh Clam re.uifed Jor 
ee On@wine OF tye Yule’ o™MG: iw Vole anc for tM 
See iit Chaewcr je@bsur SB thee tc its Moaxinudh vilue 
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Becueal~ePratblem, however, is simmmil fous tious uss 
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ats er) 


me this ussapotion, 
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@ 
re 
oO 


Joa IT, us seer gi Vieyres 7 through 1-, 


ome isiitlel value of the voltage o: the ames" pile 
oa qe 

plus 39, whieh corresgrencs te an initial ve fue of 
Peeo>.5 psip when, is 304 psic/ft for & suaply 
sue (P,) o> Del THe wee 

eressure upsdt ib olivut the -tnluu Gi.dt Would 


ref 


mmeouMmcberead under acta oTco" 4a. nae condi tice of 


i 
Mec tunnel, This is g@ccounted for by the fatt 
Oe sottling chamber pressure @met bo above ¥ 


Meme Ol 52 psig for 1. superBenic Mock-Tree vlcw 







Piet thc noszle test section whén iw “aivfuser" 
e eS Ps 

Im ince. 

s A + . * ‘ 7% 

Cr Plate V is tet circuit af Amr@e ro: the 
Maver for Cwse Il. Gestion (7) is mmeifie.w Far 
to take iAth debesiot WO Per iet bow of EP 


Weecs Gao control vélve positic.. Veer ate ci 
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KR = 11.88 - 142 x i 














Peony eWhatidns (2) and’ (5), 


Com@inin. evuStions (5) tnu (¢): 


n 5 _ oP x | 
K, Py = 11.88 142 (Ee 2 4 apa (19) 


44 % . oa. 1 F a 147 
AS Ter Case Te oe at Llows . 


af 


Oo, 
daa, 
a 


ze, 


Cr 


Tous equetion (7) i 


URE) +a psy + Calkt) + A(R) + Aalhe) + 
Ajith Pe\dt +1188 - 142($2) — 2 + 142 = = 0 


(1%) 


To simuiute reduction of bee task pressure 
S@timg a run, Gll the terms tuat cuntuin the cocfriciernt 
Ha must be varica witn tiue, Cn slate VI are plots of 
nly R., and n 1/2, VersuG SuUpmly CCHX Dreaeure which Were 
meamved irom Plate I. On Plate’ WIl-are found plots Of 
af P for thé’ su@oly tdn@ vOreus time dnd oO” ss §érsus 
Line For two different o-s, with ov defined us the 
mero Of initiGl storuge tank or@ssure to settling chan- 


Per 


Pear pressure, or(p, /P) « Ie Can ve SRR ares 
3 








bucis 1.25, the .n.th of Ladera Oe Ob eaeoice. 
ies andeers to be about us seVere «= Gene of pres-= 
sure agrop aS would be encountered in actual opérute- 
ion of the wind tunnel. *sSuming an initiel tank 
pressure of 93 nsig unc a of of 1.25, it follows 
me tne desired settling clymuber pressur® is 71.5 
Deum, aid the tunk pressure at the end of the run 
would be about 75 nsig. 

2 VOltupe to sive an initial pe ope oe 
feee, Which corresponds to 4 Gesirec settling» chase 
Meee oressure of 71.5 vsig wus introduced into the 
Meeeoue. Cizcuit by means of .Iertteryvy D we indicated 
OW Plate V. Switches A, B auc © operate in the sae 
Moame@er 4s described for Case I. 

Referrins then to Plate VI, it tne tank pres- 


Seeeee mall drop froin 923 to 75 sSig in 3.5 Seconds, then 


— 


/n 


a 


fin must decrease fro 594 to 512 psic/foot and n 


coe 


must decrease from 0.05387 to 0.049 feet durim the 

sane time intervel. This variation was assuiied to be 

linear with time. From tlate VII it can be seén that 
Oo, with time 

tb, 

can be approxinrated by @ straight line, so that tie 


fees Sinull of , the variation of p 


meeve OSsumaption is nearly correct. 


Referrim; to ecuations(6) and (11) and to 








PLeuetV, it is Mend thet the 2a bee is cate: 


& 


Lv 
b+ 
~ 
be 

2 


m Sipecs. rRobortiduellty, fector in thes tangs 0 Ie 


Qnd k. of the divferential ecuetion. Thus, by varg- 
tuu the voltuvge outSut of wtolificr 6 in Gircect Train 
Jortion to the value of p,, the variitions of Kya My 
Maa k. that were cuusem py tue drcppgin,, of tetlk pres- 
Saee were Simuleted. 

niso in e uation (11), the teras 142P/n, 
ane 142n,/n, were varicé with time. In this cuse, 
Memes tacen as 71.5 psig aS was wreviously derived. 


Myer at zero tine, teow fio tubGs were -17.1 ana S.3 


> 


Meee repectively, and at zowo ¢:1uS R5 seconds, 
they were -19.9 and 7.9 volts. 
Petentlowet<rs were esanloyec @s in Tiste Y 
CO V@rv Slinultaéneously the velte es described in the 
' 


Peeve tvo puracraphs linearly with tine. The turee 


peuantione ttre were arranm@d in téndeh on a single 


> 
nme 


63) 


Marc, Or “gencec”, so that such control over the 
meee, Of tank Sressuve véria@tion could be Simuletec. 
In acdition to ie cri:mg ees 4 coelrici@ne 
in, Several of the teruas of ole Girferentiftl tryuation, 
ee i actor No G@lsO appears us @ ‘drt ot the variable 
P/M, and its derivetive (nd intecrel teras. No 


peySical opn.retion during the runs wes employed to 








Wary tlie Pector Thy in theig, vardNule., Its line@r vig- 
pSHtion with tliuwe was taxen into secount in evalwatin; 
Mec Or@iggitcs of tikes ver iocus functibus or the variubee 


ifige the recording tape. 
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Tie tia variation of the yaerimeuespertinen: 












Beriis OF the dilfwrentidl equation, us obtuined bk use 
Meche comouter, is suown in Fivur@s 7 throwsh 12 for 
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Peed jn Figtr@s 13 through i7-for Case Tl. 


tml “, Were chosen experi- 


K, 


Poel’ sich titt the pPressu@ error agecercased to 4 


Vedues of Kyo Ko 
Heglicible anount in the s.grtest vossible time Vith- 
Sut excséding the ullowatle fcro.cs that the motor is 
Weis: Of trunsmitting to th. vuive stem. Thé valuck 
of the resistences 1/k,, i/ka @etd 1/<. thut were used 
Meee Sollition of tam aif td0@mi ing ecuati@an Fok bcun 


mee S@re foun. in Varle IT. “lisa ib this tabld Gre 





CumeGsponcin’ values of tS cae T*igients Kyo is 
G Ka. eOeee cOG@ii clients, Wien :1eiee ied by tie 
‘tnstentanceus Wmucs of F , p Bre {> at respectively, 
& e & 
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Mescrite the forces asplied tu tue valve stem at gy 


Mmimeeemt of time Ly thd! wrivative. control, proporttona 








Cgamtrol and integrul cintral f@iterese of the serve- 















Mo atteipt a5 Made to desien and build. 
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mer oM@chani@m for this cbhntrcl grbbletvane to tke 
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See Limitations. i.oWever, btepf were taken to obs 


meeeriais and é@cuipment tohard thibeind. A 


_s © 


Ra. Adve @iilar toy tlant “presently instailed, 

oat ig a @are 1, and @ garve@otor, che clagrickt dr- 
. 

gqtic. af vieict. gre Shewn gn Piste IA, heave been 

ed. It is planned thit the project will be 

Peed th completicn using these ites and tre 


P ohae Svudy. 
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+ebulta of the Case FT solution hs obtaine 
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Ebtur @.tly Peilow BY satubrete, ba tale 
terfy yo 1@ creurtBaet tivet time. It 
Migl be showe Date: tat the coulokhb 
friction Jifcet is tTeLutively ani] wwe 


compared to th@ @tnier effects, 


This ts the sem. tiace as Ficube 7(b), 


G. 


and Wes Lidluct 10S tide comirisom 
_ - 
wexinud re tuiréd coutrol folde: B lbs. 





Requirec svp@eadcye stug@® ccrtrol 
force: C.51bLs8, 
This .lot end Fiwure 9(b) were included 
only as a Mectler pf interest. Them re- 
prdsent the condition in ihichn the oa 
terii is positive. This vould correx- 
pond to a lift force on the control vulve 
in tlle positive or down Cirecti cmpeich 


a 


Wee onmosite to the 11M force Vogmepsur- 


eG e 
D>, Wie Die 5i.7 Gets 
Po Wt t=] secand: 2%. Geis. 


at a a, SCC GMM: : ued JSi. 
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(7, /t ,) mz = (x) ieee. dees Pt/sec =e ia 
(,) wax Ht v= O.ke second: 553 poi/sed. 


Po at tal sevens: | he LLi8ivle 
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Figure 11(a) 


(b) 


Figure 12(a) 


(d) 


This 1s the oemwpetruice we ligura@ 7(b), 
and wege inclua#d for time coimmurison. 
(2./n9| uwex= (4) Max: ee fifa 
refer to eduction (5) for the above re- 
lationship. The stuximun acceleratiun 
occurs at zero time. It will be noted 
tnut the effect of the coulomb friction 
decreases the acceleration slightly when 
tne velocity changes directicn. 
This is also tle same truce as Figure 7(t), 
and was included for tisie comparison. 
Tnis is the same trace as Figure 7(a), 400 
was incluved for time comparison. 
t 

Maxiaun { pat at t = 1.5 seconds: §&.3 lbs; 

(r.at stendy stute: 6.8 lbs. 
Tt is noted that in the steady stute the 


only ccntrol force actif is that Which Ts 


‘due to integré] control. Comparing the 


steudy state integral control force of 4.8lbs. 
With the stéady stuté control force of 5.3 
lbs. frou Ficure 7(a), a discrepunuey of 

1.5 lbss is found veers eoteae re Mit ae 
possibly due te the fuct that on aua Dp, 

differ from zero bY @ Small amount al the 


time selected for steady state com;arison. 
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The Brust recorder tapes of Wihhien tle solut- 
ion to vase II was recorded wave in2Grm.tion as below, 
It Siould be remeabered thet omdinates that Cuntsin 
the factor No in tug dependent variable wust be correct- 
ed for the variation of No With time. Flate VIII, which 
is derived from Plate VI, is an aid in determining the 


value of No at any tise t. 


Figure 13(a) Maximum reyuired control force: Li, lbs. 


heyuired steady state control force:13 lbs. 


(b) D, Leite: 21.5 pom 
paawax at t= 0.75 second: 04065 pSle 
Po at t=] second; jo USi 
Pe at t=1.2 seconds: ne:li:ible 
Figare 1l4(a) The coulomb friction force varies in a nanner 


Similar to tht of Fisure 8(a). smplifier 
7 apoarently failed to saturate et ubout 
t=0.0 second in this cause, 

(bd) . This trace is identical to Figure 1ls(b), 


and was included for time comparison. 


Figure 15(a) (p,/n. max = (x)max: 1.3 ft/sec =15.5 in./sec. 
(D, ) max at t = 0.09 second:. 77C psi/sec. 
De at t = 0.6 second: neglisible. 
(b) This truce is identical to Figur 15(b), gad 


WAS Included for time comparison. 


+e x 
Ficure 16(a) (p/n, ) max = (x)max at t = 0.0 second: 43 ft/sec 








Tite Small @afie@set o. Gi) Geet fricth2sr is 
noted in tis @hact @)ise. 
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Pee 


Mero timet 1 Siiinlicisn werodmt of tae problem be Solved 
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-LAPLt, With the co“plex= 


“pene @ 


So tmamt os decree OF 2am 
Cs of the comulter vient be obtained by the operstor 


’ 
we procecdin, to aore Gifficult eiicuits. 
The usual muthenutical wethods Tor solving 
Ter@et ica 1 ac uations sueh &S are contalicd 
this MPort would ,wov@ t@ be extre@gel, lLavomiousi—ae 
Sorewimine. Cn tie other fsnd, th@meComwuter seeis 
pb an ideal means for obteining sucl. solutions. Tie 
st difficult burt of tue Mepwyt Gre Ls tie settling up 
euilnment to duplicate tee eduetig&. Tig® the 
of Gee constants are ebthined WF a trial end 
precess, notin® thw i@S$p@use of tam csce.lo, Tiuph. 
SatishWGtory TAB MUS Ae Pan obteitiad, me 
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Resistors and siortin”’™ Suers wer€é mounted bn 
peneral nutlio tyve 274 - li double plugs which ritteu into 


mye vermitinals of the awblifierp. curreatia results from 
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meee to tige were finally traced to the loosen 


Meoonenical connections LetwWecn the vesistors und vides. 


The axinliviers us¢d ure of an incxvensivv2 type 
Meocructeca several years eee anc aust be individually 
Yeronced for zero output. slloswin, tue ainplificr tubes 
Bec up for u« long period of tiue has a favorable 

sot mi maintaining balance. It is recomended that 
tuvpes be allowea tu o; erate overnight if possible. 
MeeomeoeTubure and husidit} abso. effect oalance, ann 


Meeconeir Veariution is not clos®ly contlolled, @ requsat 
moe Checkin: is nme@@essamy. Cr course, amWell reeulvi- 
Mer Suo.l; Tor the aiplifisrs is aiso necessary for 


balance, 
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The oDsective of taulb stud wes to Retebkiuine 
fe cheructeristics of such & Control system as Wouly 
suc? tht pressure ‘error in the settline chamber af 
Wirticulaer blowdown wind tunnel tu within slus or 
meeeta NOUNA ber syuure inch within ome second. By 
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Brim, to Figure 15 it may be sren thut tLe solut- 


haa ee 
: ‘ 
yé Ue 
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inca in ti:is study can be considered as in 
pigcuctory agreement with the above stated obiject- 


Tne values of the constants associiuted with tne 







lon are found in Table II. 

It is recommended that the design and fab- 
ication of a servomechanism thet will exhidit the 
Meristics as set fcertn in Tabl® Ii be accamp- 
shea, so that satisfectory oressure control in the 


ct wind tunnel may be odtuineu. 
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COMPU TA TIONS 


DRIVE COMP. TATIONS 


datas ; 
Weight >of valve and stem: 10.58 Wee. 
Poalond friction force: 1.23 lbs. 
Beever tion" forces approx.1,.0 lbs. 
Valve serodynamic lift see Plate [I. 
Assumed contig ration: See Fig. 2. 


a , : : < 
Acceleration force: Assuming a maximum acceleration of 6 ir/sec ’ 


©) 045) = 0.254 Ibs. 


Total Force: Neglecting Lift Force other than the 6 lbs. for whict 


the valve is compensated, 
RUF, + ier FF. = 5.25 +1.25 £1.06 my.48 lbs. 
. Ww Q 


Work/sec réquirec of motors 2.48(C.75) = °.31 ft. lbs. 
\e 


1 e) C) 8eE0-6« 


¢ 
Regu.reai Horsepower: Cig 90564 bo 


Motor Cate: DPieshl, Navy type CDA “11]1)°2, Max. outpat = 5.% wat 


uehiG32 HP @ 3.5 O2- ine tH Fan@® and 2000 rpomo 
} Pp 


I? motor is to tecelerate ocetvieen zero and 20%) rom in 


the torcue Woild very from 5.46 to 3.5 oz. inches. This wouid 


A 


@quivelent t» cperating at 4.7 oz. inches and loQu rpm corttar ty 


for ene half gec und, 


Work/sec =(4.7) (100) (2 x 3.14) = &.56 ft. lbs. 


—_ 


This compares to ".3] ft. lbs. /seo required by the 2.46 lb. l: 


—Z8— 


or 








Tius the motor would deliver a force of 20.5 lbs. at the valve 


stem. X w=» 2248 X a 20.5 lds. 
a5a Car 7 


In order to exert a 20.5 lb. force on the valve stem, the 
average torque of 4.7 oz. inches must act through a gear train: 


mo) xX = 2.5 9 x= 69.7 gear ratio. 
a 


After a solution to CaselI was found, greater control forces 
were required to give a larger margin of available control motor 
force. the Tiehl, Navy type CDA 2114-26 servomotor was available, 


which would operate between 8.4 and 11.5 og. inches over the sane 


rpm rengee the equivalent constant torque in this case is 1.4 
oz. inches, and the motor would deliver an average force of 
06.7 pounds to the valve stem. The gear ratio necessary for 


this motor would be 87 to l. (96.7)(16) = 87.0 gear ratio. 
(LG 0%) 
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Cormtrol Force Constey nts 
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ohms ohms ohms ysec jf nee 
Tt fC Fa ac DSi 


0.3 0.008 0.003 3.33 125 333 0.0056 


Oe03 0.001 Oae7 333 LOOC ALG Eiay 


TaBL. II 














Le) 
e 
A 


He 
‘ 
OO 





Tasha? Tet 





— 32- 




















Neterminetinn ef Oeualoer 
Friction Force end Teigh 





Up Motion “tan 





es. r. 
Pied O60: 
11.697 7.313 
Ligeik 1062 
11 eG Q,2 
11.,.456 9.0 
292625 oui 
2563 9.156 


Ln Se ae, ST ieee, f et 
se. ib = VES 9,150 


ray 
i] 
ae 
e 
ND 
Ww 
oo 
‘ep 
‘/ 
® 





* er °y 
Me Sits y 


— Se 














—- 55 — 








ie 


| Servomotor 


| io 


ey 


| Kp Reduction Gear, 69.7: 1 
lars 
' 2 





Sketch oF Proposed Drive Mechanism 


Fie. 2 





Sketch Indicating Method Used to Measure 
Coulomb Friction and Weight of Valve 


Fic. 3 








Sketch Indicating Method Used to Measure 
“Lipt™ Force of Valve 


Figen 


Valve Closed 


All displacements and forces 
a er 
IS | +X are measured positive from 


the closed to the opened position. 


Valve Opened 


Coordinate System 


Fig. D 


— FT7 











FUG, é 


-_— S4a— 

















=n =a = = 2e5e—> S25 

eS == eee = 

ABE Zee ae Se SSeS 

Fig. 7(a): Control Force. 1/k,= 0.33 1/ko= 0-008; 1/k,= 0.008, 
all in megohms. 

Fig. 7(b)s Ee x 500, K,Pd=-6 volts. Constents same as 7(a). 
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Fig. 8(a): Coulomb Friction Force. Constants same as Fig. 7(a)e 





Fig. 8(b)s Same as Fig. 7(b). 
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Fig. 9(a)s Control Force. Constants same as Fig. 7(a). 
Fig. 9(b): “* x 500. K,Pd=#+6 volts. Constants same as 7(a). 





Pig. 10(a): ol Constants same as in Fig. 7(a). 


Pig. 10(b) Same as Fig. 7(b). 
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Fig. 11(b): 


Fig. 12(a): 


Fig. 12(b): 
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Constants same as in Fig. 7(a). 





Same as Fig. 7(b). 
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Same as Fig. 7(a). 


Integral Force x 500. Constants same as 7(a). 
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Figs 13(a): Control Force. 1/k, 0.153 1/ky 0.0033 1/k, 0.001, 






all in megohms. 


Fig. 13(b)s ne x 500. Constants same as Fig. 13(a). 





ERAS RRRSSSse SS ~ 
Zee] =5>5==—Ggeeesee 
agama 


Sa estas Sc ea 
HH i 
Eel 








Fig. 14(a): Coulomb Friction Force. Constants same as Fig. 13(a). 


Fig. 14(b)s Seme as Figs 13(b). 











SVELOPMENT CO. PRINTED IN U8.A, 


a famppemme ATE) Ff | Li aaa 
Bb) 2a CE SaRReeeEe : 
(Seve Sy pam 















=== = S55 2e SeRRESEEL 
SBS Sa SBe mage 
Fig. 15(a): Be. Constants same as 13(a). (b)s Same as 15(b). 
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Fig. 16(a)s ee Constants same as 13(a}- (b)s Same as 13(b). 
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Fig. 17: (2 dt x 500. Constants same as Fig. 13(a). 
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